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PURPOSE: To take out an electrode from the upper and 
the lower sides by a method wherein a conductive board 
is bonded to the surface of the nitride semiconductor 
layer of a wafer on which the nitride semiconductor layer 
is grown on an insulated board, and the nitride 
semiconductor layer is exposed by removing a part of 
the entire insulated board of the wafer after bonding. 
CONSTITUTION: A wafer, on which a nitride 
semiconductor layer 2 is laminated, is prepared on the 
surface of a supphire board. Then, an ohmic electrode 30 
is formed on almost the whole surface of the nitride 
semiconductor layer 2. On the othr hand, a P-type GaAs 
board 50, having the size almost same as the sapphire 
boad 1, is prepared as a conductive board, and the 
second ohmic electrode 40 is formed on the surface of 
the above-mentioned board 50. Then, the ohmic 
electrodes of the nitride semiconductor wafer, having 
the first ohmic electrode 30, and a board 50, having the 
second ohmic electrode 40, are laminated with each 

other and they are pressure-bonded. Besides, the sapphire board is removed, and the nitride 
semiconductor layer 2 is exposed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the nitride semiconductor device characterized by having 
the first process which pastes up a conductive substrate on the nitride semiconductor 
stratification plane of the wafer with which the nitride semiconductor layer grew on the insulating 
substrate, and the second process at which a part or all of the insulating substrate of the 
aforementioned wafer is removed, and a nitride semiconductor layer is exposed after conductive 
substrate adhesion. 

[Claim 2] The aforementioned conductive substrate is the manufacture method of the nitride 
semiconductor device according to claim 1 characterized by having cleavage nature. 
[Claim 3] The manufacture method of the claim 1 characterized by pasting up a nitride 
semiconductor stratification plane and a conductive substrate through an electrode or a 
conductive material in the first process of the above, or a nitride semiconductor device 
according to claim 2. 

[Claim 4] The manufacture method of the nitride semiconductor device according to claim 3 
characterized by including the ohmic electrode formed in the ohmic electrode and/or the 
conductive substrate front face on which the aforementioned electrode was formed in the nitride 
semiconductor layer front face. 

[Claim 5] The nitride semiconductor device which a conductive substrate and a nitride 
semiconductor paste up and is characterized by the bird clapper. 
[Claim 6] The nitride semiconductor device according to claim 5 characterized by the 
aforementioned conductive substrate having cleavage nature. 

[Claim 7] The claim 5 characterized by the aforementioned conductive substrate and the 
aforementioned nitride semiconductor light emitting device having pasted up through an 
electrode or a conductive material, or a nitride semiconductor device according to claim 6. 
[Claim 8] The nitride semiconductor device according to claim 7 characterized by including the 
ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face on 
which the aforementioned electrode was formed in the nitride semiconductor layer front face. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the element which consists of a nitride 
semiconductor (InXAIYGa1-X-YN, 0 <=X, 0<=Y, X+Y<=1) used for light-receiving devices, such 
as luminescence devices, such as light emitting diode and laser diode, or a photodiode, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] Since a nitride semiconductor has the bandgap energy to 1.9eV - 
6.0eV, it is observed as various objects for semiconductor devices, such as a light emitting 
device and a photo detector, and blue Light Emitting Diode using this material and the bluish 
green color Light Emitting Diode were just put in practical use recently. 

[0003] Generally a nitride semiconductor device is obtained using vapor growths, such as MBE 
and MOVPE, by carrying out laminating growth of the nitride semiconductor which specified the 
conductivity type to n type, p type, or i type on the substrate. Although it is known that 
conductive substrates, such as silicon carbide besides insulating substrates, such as sapphire, a 
spinel, a lithium niobate, and gallium acid neodium, silicon, a zinc oxide, and gallium arsenide, can 
be used for a substrate The substrate which carries out grid adjustment completely with a 
nitride semiconductor is not yet developed, but the blue which now grew up the nitride 
semiconductor layer compulsorily on the sapphire with which lattice constants differ 10% or 
more, and the bluish green color Light Emitting Diode element are put in practical use. 
[0004] Drawing 6 is the typical cross section showing the structure of the conventional blue 
Light Emitting Diode element. The conventional Light Emitting Diode element has terrorism 
structure to the double by which the laminating of n type layer 62 and the barrier layer 63 which 
consist of a nitride semiconductor on silicon on sapphire 61 fundamentally, and the p type layer 
64 was carried out to order. As mentioned above, since sapphire is insulation and cannot take 
out an electrode from a substrate side, it considers as the so-called element of the flip chip 
method with which the positive electrode 65 and the negative electrode 66 were formed in the 
same nitride semiconductor layer front face. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there are many troubles in the element of 
the conventional flip chip method which uses sapphire as a substrate. Probably, in order to take 
out both electrodes from the same side side in the first place, a chip size becomes large and 
much chips are not obtained from a wafer by it. Since the negative electrode and the positive 
electrode are horizontally located in a line, current flows horizontally, as a result, current density 
becomes high locally, and a chip generates heat [ second ]. Since a substrate which is called 
sapphire and which is very hard and does not have cleavage nature is used [ third ], advanced 
technology is needed for chip-izing. Since the cleavage plane of a nitride semiconductor which 
used the cleavage nature of a substrate is not made with a resonance side in case it is 
furthermore going to realize LD, formation of a resonance side is very difficult. 
[0006] Although the attempt which grows a nitride semiconductor as mentioned above on 
conductive substrates, such as silicon carbide, silicon, a zinc oxide, gallium arsenide, and gallium 
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phosphorus, is also accomplished in order to avoid the above problems, the report of having still 
succeeded is not carried out. 

[0007] Therefore, this invention is accomplished in view of such a situation, and the place made 
into the purpose is to offer the manufacture method of the nitride semiconductor device which 
has the structure which can take out an electrode mainly from the upper and lower sides, and a 
nitride semiconductor device. 
[0008] 

[Means for Solving the Problem] The manufacture method of the nitride semiconductor device of 
this invention is characterized by having the first process which pastes up a conductive 
substrate on the nitride semiconductor stratification plane of the wafer with which the nitride 
semiconductor layer grew on the insulating substrate, and the second process at which a part or 
all of the insulating substrate of the aforementioned wafer is removed, and a nitride 
semiconductor layer is exposed after conductive substrate adhesion. Moreover, a conductive 
substrate and a nitride semiconductor paste up and the nitride semiconductor device of this 
invention is characterized by the bird clapper. 

[0009] In the method of this invention, sapphire, a spinel, a lithium niobate, gallium acid neodium, 
etc. are used for an insulating substrate as mentioned above, and sapphire and the nitride 
semiconductor which grew on the spinel are preferably excellent in crystallinity. On the other 
hand, if it is the substrate material which has conductivity, what thing may be used, for example, 
Si, SiC, GaAs, GaP and InP, ZnSe, ZnS, ZnO, etc. can be used for the conductive substrate 
pasted up on a nitride semiconductor. However, a conductive substrate cannot be 
overemphasized by choosing the substrate of the shape of a wafer which has the almost same 
configuration as the insulating substrate to which the laminating of the nitride semiconductor 
was carried out, and has a bigger area than the further almost same area or it. 
[0010] On the other hand, in order to remove the insulating substrate of the wafer with which 
the laminating of the nitride semiconductor layer was carried out, technology, such as polish and 
etching, is used. Usually, there is hundreds of micrometers thickness of an insulating substrate, 
since a nitride semiconductor layer is 20 micrometers or less even if thick, in case polish 
removes a substrate, when it is hard to control ******, a rough portion may be removed by 
polish at first, a fine portion may be removed by etching after that, and the nitride semiconductor 
side needed for forming an electrode may be exposed. Moreover, when producing the element 
which uses an insulator as a current constriction layer and needs it for a nitride semiconductor 
layer front face, for example like a laser element, it is also possible to remove only a portion 
required to expose a nitride semiconductor layer by selective etching, without removing all 
insulating substrates. 

[0011] Furthermore, the conductive substrate pasted up on a nitride semiconductor layer in the 
method and element of this invention is characterized by having cleavage nature. GaAs, GaP, 
InP, SiC, etc. can be preferably used for the conductive substrate which has this cleavage 
nature. 

[0012] Next, the method and element of this invention are characterized by pasting up a nitride 
semiconductor stratification plane and a conductive substrate through an electrode or a 
conductive material. Even if this method uses the substrate which has cleavage nature in a 
conductive substrate, it is applicable similarly. Although the so-called technique of the wafer 
adhesion which carries out thermocompression bonding may be used for it after making these 
mirror planes rival in the method of pasting up by making the adhesion side and nitride 
semiconductor stratification plane of a conductive substrate into a mirror plane, it can paste up 
easily by minding an electrode or a conductive material. If conductive material is a nitride 
semiconductor and the material which can paste up a conductive substrate, what thing is 
sufficient as them, for example, they can use material, such as In, Au, a pewter, and a silver 
paste. 

[0013] Moreover, in the aforementioned adhesion technique, it is characterized by an electrode 
containing the ohmic electrode formed in the ohmic electrode and/or the conductive substrate 
front face which were formed in the nitride semiconductor layer front face. In addition, with an 
ohmic electrode, it is defined as an ohmic electrode on these specifications including metals, 
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such as the metal for thick adhesion of the thickness attached on the thin ohmic electrode and 
electrode of the thickness generally formed in a nitride semiconductor front face, for example, 
Au, In, aluminum, etc. As an ohmic electrode material formed in a nitride semiconductor layer 
front face, if n type layer is an adhesion side, a kind of material of aluminum, CKs), Ti, and In(s) 
which were shown in JP,5-291621,A, the electrode which made Ti especially the side which 
touches n type layer preferably, and the material containing Ti-aluminum shown in JP,7-45867,A 
can be mentioned at least. Moreover, if an adhesion side is p type layer, a kind of material of Au 
(s), Pt(s), Ag, and nickel which were similarly shown in JP,5-291621,A, and the electrode which 
made nickel especially the side which touches p type layer preferably can be mentioned at least. 
[0014] A nitride semiconductor is performed, in order for p type layer to be hard to be obtained 
and to obtain p type layer, for example, after electron beam irradiation which is indicated by 
JP,3-218625,A, and thermal annealing processing which is indicated by JP.5-183189.A growing, 
and p type layer on the front face of the maximum is formed into low resistance. For this reason, 
as for the nitride semiconductor wafer, the best layer is p type layer in many cases. Then, in 
case this nitride semiconductor wafer and a conductive substrate are pasted up, especially the 
thing for which a conductive p type substrate is pasted up through the ohmic electrode formed 
in p type layer is desirable. 

[0015] On the other hand, if for example, a conductive substrate is n type GaAs as an ohmic 
electrode already formed in the conductive substrate of one of the two's adhesion side, Ag-Sn, 
In-Sn, nickel-Sn, Au-Sn, Au-Si, Au-germanium, etc. can be used, and if it is p type GaAs, Au- 
Zn, Ag-Zn, Ag-In, etc. can be used. In addition, although an ohmic electrode material well-known 
also about SiC and Si can be used, especially the thing for which a conductive p type substrate 
is pasted up through the ohmic electrode of the conductive substrate as mentioned above is 
desirable. 
[0016] 

[Function] With the method and element of this invention, the conductive substrate is pasted up 
on the nitride semiconductor layer. That is, although the various elements from which a nitride 
semiconductor is obtained from a nitride semiconductor with the wafer which grew on the 
insulating substrate cannot but serve as flip chip form, they serve as a substrate in which a 
conductive substrate forms an electrode by pasting up a conductive substrate on the nitride 
semiconductor layer of the wafer best layer. Then, since a nitride semiconductor layer will be 
exposed if an insulating substrate is removed, another electrode can be formed in the exposed 
nitride semiconductor stratification plane, and not the element with which an electrode like 
before was horizontally located in a line but the element which the mutual electrode countered 
can be produced. 

[0017] Next, if the material which has cleavage nature in the conductive substrate to paste up is 
chosen, the nitride semiconductor which grew on the insulating substrate without cleavage 
nature can also divide in the shape of a chip using the cleavage nature of the pasted-up 
conductive substrate. For this reason, the small element of a chip size becomes is easy to be 
obtained, and the laser element which makes the cleavage plane of a nitride semiconductor an 
optical resonance side further can be produced now. 

[0018] moreover, although there is also the method of a nitride semiconductor stratification 
plane and a conductive substrate being the technology generally called wafer adhesion, and 
pasting up, it is desirable in order to also stabilize the electrical property between a conductive 
substrate and a nitride semiconductor layer, if it pastes up through the electrode of a nitride 
semiconductor layer, the electrode of a conductive substrate, or a conductive material especially 
When choosing the material which can furthermore reflect the luminescence wavelength of 
nitride semiconductors, such as Au, aluminum, and Ag, as this conductive material and a light 
emitting device is produced, the light which comes to the conductive substrate which such 
conductive material pasted up is reflected, and since there is an operation returned to a nitride 
semiconductor layer side, the luminous efficiency of a light emitting device improves. 
[0019] If the ohmic electrode formed in the ohmic electrode and/or the conductive substrate 
front face which were formed in the nitride semiconductor layer front face especially as a charge 
of a binder is included, when a luminescence device like a light emitting device will be produced, 



http://www4.ipdl jpo.go.jp/cgi-bin/tran_web_cgLejje 



2003/09/04 



4/5 s<— is 



for example, resistance becomes low and there is an operation which reduces Vf of a device. 
[0020] 

[Example] Hereafter, this invention is explained in full detail in the example. Drawin g 1 or drawin g 
3 is a wafer explaining one process of the method of this invention, and the typical cross section 
of a conductive substrate, and drawing 4 is the typical cross section showing the structure of 
the nitride semiconductor light emitting device obtained according to the example 1, and 
describes an example 1 below based on these drawings. 

[0021] The nitride semiconductor layer 2 prepares for the front face of [example 1] silicon on 
sapphire 1 the wafer by which the laminating was carried out. In addition, the nitride 
semiconductor layer 2 has terrorism structure to the double which has at least n type layer 21 
which consists of AIXGa1-XN (0<=X<=1) by which the donor impurity was doped sequentially 
from silicon on sapphire 1, the barrier layer 22 which consists of InYGa1-YN (0< Y<1), and p type 
layer 23 which consists of AIXGa1-XN (0<=X<=1) by which acceptor impurity was doped. In 
addition, p type layer 23 of the best layer is formed into low resistance by annealing 400 degrees 
C or more. 

[0022] Next, as shown in drawing 1 , the ohmic electrode 30 of the front face of the nitride 
semiconductor layer 2 which contains nickel and Au on the whole surface is mostly formed by 
500A thickness. That is, the first ohmic electrode 30 from which as desirable on the whole 
surface OMIKKU of p type layer of the best layer of the nitride semiconductor layer 2 as p type 
layer is obtained mostly is formed, in order are furthermore alike on the ohmic electrode 30 and 
to improve an adhesive property, 0.1 micrometers of Au thin films are formed 
[0023] The p type GaAs substrate 50 which, on the other hand, has the almost same size as 
silicon on sapphire 1 as a conductive substrate is prepared, and the second ohmic electrode 40 
which consists of Au-Zn is formed in the front face of this p type GaAs substrate 50 by 500A 
thickness. In order to improve an adhesive property on the second ohmic electrode 40 
furthermore, 0.1 micrometers of Au thin films are formed. 

[0024] Next, the ohmic electrodes of the nitride semiconductor wafer which has the first ohmic 
electrode 30 as shown in draw[ng_2 , and the p type GaAs substrate 50 which has the second 
ohmic electrode 40 are stuck by pressure by lamination and heating. However, it is made to 
become parallel [ the silicon on sapphire 1 of a wafer, and the p type GaAs substrate 50 ] at the 
time of sticking by pressure. It is because the level surface of the nitride semiconductor layer 
exposed does not come out in the process which removes the following silicon on sapphire 
unless it is parallel. Moreover, although Au was used in order to paste up the first ohmic 
electrode 30 and the second ohmic electrode 40, it is also possible to paste up through 
conductive material, such as an indium, tin, a pewter, and a silver paste, among electrodes 30 
and 40. In addition, in case the p type GaAs substrate 50 is pasted up, doubling the direction of a 
cleavage with a substrate 50 with the cleavage nature of a nitride semiconductor layer, and 
having pasted up cannot be overemphasized. 

[0025] Next, the wafer on which the p type GaAs substrate 50 was pasted up is installed in the 
burnisher, silicon on sapphire 1 is wrapped, silicon on sapphire is removed, and n type layer 21 of 
the nitride semiconductor layer 2 is exposed. In addition, after wrapping silicon on sapphire 1 so 
that the thickness of about several micrometers may remain, it is [ in / this process ] also 
possible to remove the silicon on sapphire which remained further by etching. The structure of 
the wafer after silicon-on-sapphire 1 removal is shown in drawing 3 . 

[0026] n type layer after polishing the front face of n type layer 21 exposed at the end — ohmic 
one — the negative electrode 25 which consists of Ti-aluminum as an electrode of business is 
formed, and the positive electrode 55 which consists of Au-Zn as an ohmic electrode as well as 
the p type GaAs substrate 50 on the other hand is formed in the whole surface 
[0027] The wafer with which the positive electrode and the negative electrode were formed as 
mentioned above is divided into the luminescence chip of 200-micrometer angle using the 
cleavage nature of a p type GaAs substrate. The typical cross section showing the structure of 
the luminescence chip after separation is shown in drawing 4 . By energizing between an 
electrode 25 and 55, this luminescence chip shows the structure of a Light Emitting Diode 
element where a barrier layer 22 emits light. Since it was reflected by the interface of the first 
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ohmic electrode 30 and p type layer 23 and, as for this light emitting device, luminescence of a 
barrier layer 22 was not absorbed by the p type GaAs substrate 50, compared with the 
conventional light emitting device, the radiant power output increased 50% or more. 
[0028] Moreover, although sapphire and the conductive substrate explained p type GaAs, they 
may use an insulating substrate like a spinel and neodium gallate described above besides 
sapphire to the insulating substrate, for example, and as for this example, an insulating substrate 
may use a substrate like Si and ZnO for a conductive substrate. 

[0029] In case silicon on sapphire 1 is wrapped in the [example 2] example 1 , it wraps so that it 
may remain by the thickness whose silicon on sapphire 1 is 5 micrometers. Next, the mask of the 
configuration which can form a current constriction layer in the front face of the silicon on 
sapphire 1 which remained is formed, etching removes the silicon on sapphire 1 of mask opening 
by the etching system, and a part of n type layer 21 is exposed. A positive electrode 55 is 
formed in n type layer like the exposure back at a negative electrode 25 and the p type GaAs 
substrate 50. 

[0030] Next, using the cleavage nature of the p type GaAs substrate 50, it dissociates in the 
shape of a chip, and considers as a laser element. Drawing 5 is the typical cross section showing 
the structure of the laser element, and the silicon on sapphire 1 which it left intentionally is 
acting as a current constriction layer of a laser element. Although this example showed the 
example which leaves silicon on sapphire as a current constriction layer, in addition after it all 
removes silicon on sapphire 1 like an example 1 to form the current constriction layer of a laser 
element, you may form it on the nitride semiconductor layer which exposed an insulator layer like 
Si02 and Ti02, for example. 
[0031] 

[Effect of the Invention] Since the nitride semiconductor device which has a conductive 
substrate is realizable according to the method of this invention as explained above, the small 
element of a chip size can be offered. Moreover, since the electrodes formed in the element 
have countered, current flows uniformly in a nitride semiconductor layer, calorific value becomes 
small and it also becomes possible to realize a laser element. The cleavage of a nitride 
semiconductor becomes possible still more easily, and since the cleavage plane is made with a 
resonator, production of a laser element becomes easy. If a luminescence device is realized 
further again, since luminescence of a nitride semiconductor layer will be reflected on an 
electrode front face by the electrode which pasted up the nitride semiconductor layer and the 
conductive substrate, a radiant power output can also be increased. 

[0032] As the conventional nitride semiconductor Light Emitting Diode was shown in drawingj) , 
the positive electrode 65 of the front face of p type layer 64 which penetrates light was mostly 
formed in the whole surface. This is because the current of p type layer cannot spread easily. 
50% or more of the light which emits light by this positive electrode 65 was absorbed, however, 
according to the element of this invention, it is shown in drawing 4 and drawing 5 — as — low 
since n type layer [ **** ] 21 turns into the best layer, it becomes unnecessary to prepare a 
whole surface electrode like before, and is good at a small partial electrode Therefore, the 
ejection efficiency of the light from a nitride semiconductor layer side improves by leaps and 
bounds, and a radiant power output improves. Thus, when this invention realizes the device 
which used the nitride semiconductor, the utility value on industry is very large. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section view of the nitride semiconductor wafer explaining one process of 
the method of this invention. 

[ Drawin g 2] The type section view of the nitride semiconductor wafer explaining one process of 
the method of this invention. 

[Drawing 3] The type section view of the nitride semiconductor wafer explaining one process of 
the method of this invention. 

[Drawing 4] The type section view showing the structure of the nitride semiconductor device 
concerning one example of this invention. 

[D raw ing 5] The type section view showing the structure of the nitride semiconductor device 
concerning other examples of this invention. 

[Drawing 6] The type section view showing the structure of the conventional nitride 
semiconductor light emitting device. 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... Nitride semiconductor layer 

21 .... n type layer 

22 .... Barrier layer 

23 .... p type layer 

30 .... First ohmic electrode 
40 .... Second ohmic electrode 
50 .... p type GaAs substrate 
25 .... Negative electrode 
55 .... Positive electrode 
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DRAWINGS 



[Drawing 1] 
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[0003] -^.izm-im^mi^m^im b e.mov 
v^ti i mmzmmmzimLtimib&mtozmmjgLSk 

Z-£2>Zbiz£^X%L>tL&. W&\,z\iMz.\$ J >ryT-< 



o%feLbi>s:5:-si?-7 r-r Tnnzmm^mwrn^ 

[0004] H6 {4^*OWfiL E DS^O^JtSr^-T 
fl&SW&KffiBTC**. f&fcOLEDSt^li. ^fc&ty;: 
t7r-f 7SS6 l <n±Xzmm¥m.fo£ *) 3r£ nSJS 
6 2 ffl&M 63bpMM64b WmiZfflS ZtltzV? 

<7)"C\ ll-S-ffc!$j¥3SCttJgfl®fciEO&6 5tfilffi6 

bZixX^i. 
[0005] 

imiwM&LZob-tzmm] l*>l^^>. t7 7 

mb * < * ;s P^■r63^^M^Ta ^* fcftTOS***^*"!*!^ 
ix. *com&^&mwm&mzi$<%v+y7wmk 
•tz>, m=izyyr'tTb^oimizm<, mmt^ 

^^M.Z&mhX^&<r)X\ ^'vTitt^^z^^ 

m*imb-?h. zbizLDzmmLXob-r&mzii 
mLe>mm&zm\ ^m^wm^comssm^imm b 
t# %wx^mw<7)&i&tfftmzwmx'$> . 
[0006] m±oj: otmmkwm-htt. ±mco 

fcm-hmX-hfoZtiX^&tf. &tif8&hLtzb^o%L 

[0007] $t-oX*%,*mz<r) i a ^rV-tf 5r^^$ 
^tWifeot. ZcoSffibTf&bZZ^ ±bLX 

[0008] 

[H!E£fi?*frr£fctf>*)#K] *%BJ<7)S^^^ 

i». *mi<?>&fcwmte3^immti&fiLbm 
itwmwbtfm%i$Kx%z>zb*'®WLb^z>. 

[0009] *m*r>imiz&^x . ^H±««(c(±mF 
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<OT'*>.0K. #J;U4S i , S i C N GaAs, GaP < 
InP. ZnSe. ZnS. ZnOWlf^IkW 
fit, ^tm^KtiS^^fr^Ji^n^ite 

[ooio] -n. i»i*i*«utifcfi- 

£> 0 » fifls«»¥S»*Mit4»< Ti>2 Ox* m&TVhtn 

it^mikmz®tiii*it&<?>iz i m^ftnfr£foi;-t 
[ooli] $ ^iz^^mn^m&x/m^izts^x , st 

WitfGaAs, GaP. InP, SiCM^K 
[00123 lififtlft^Slfls 

Mi: Zmwt LX . **ife«BH±3fe»9-&<>*fell, 
v &^x -/N«fS|W)#ife Srfflv vt 4 V % 

<, d,au. &*-AhWXtm* 

®m-$-&z.b&x%&. 

[ooi3] ifcffifiaw^ifetefev^, ttSti&fttlto 
n/mwmmizw&ztitz*- s * t & 

f^MICM § *t*HJW<0?*V **- 5 >y ? fc . 

tifAu, in. a i v^R^^T^amrrusr 

vP'gmmmtLxiz. nwmtfwsmxhti 
im*.t&mv-5 - 2 9 1 6 2 l-f-^iBi^sftfcA 

UCr,Ti, I n<0rt*)*Jwar< t t>-«^*ffl, » 



WBFP7-4 5 8 6 7#£«K3i*S;fcfcT i-Alt* 
tf«Wfc W h Z. b tfiX* h . 2 p MJf T'£> 

turn t < nmw- 5 - 2 9 1 e 2 1 #&?Bfc:^$*ifc a 

u, Pt, Ag. N i<7)ftcryj>%<bl>— n<?mW. # 

t=# * l < « n i sr p tnttsmt Lizwmtwr 

hZbtfiXZh. 

[0014] m&&mm*pmMimbii£.< < . p 
mm*'ft&fzisbmtimm¥3 - 2 1 s e 2 s^&miz 

m^flh 4 o =fr1TPIKSMt. i tz^Wi^ 5-1831 

8 9^&mizm*zti&£o%&MT--v yrwmw 

%v9mZ1thXpm<mW&mLb*m%-?Z>Zb 

tfmz&£L\,\ 

[0015] — t 3/t#os^*»*«tt3*KcjB 
>y?wmt lxumx. imm&mi.tf n m 

GaAsfibM, Ag-Sn^ In-Sn.Ni-S 
n. Au-Sn, Au-Si, Au-Ge^2rfflt^Cl 
fc^T-t, p!GaAst**ltf, Au-Zn. Ag- 
Zn, Ag- I nW*m^Z>Z\b-tl i X'*&. -e^ffiS i 

c si wiz-o^x i>&%w7t- 5 >y fm&tfmzm^ 

[00 16] 

[#ffl] ^wnnimmFm^xtemtwtm&mizm 

«*v^ x ^Btta^^^x-zNSiJiog-ft^^* 

Jiicgsr-r ■& c: fc t J: 0 . ^tts^^mfis zmfctz 
wsLbtch. *<m. imt^fotm&hbmwto* 
mw.m-t) i m&~tz><nx\ mm Ltztiiim*mwmmz t 
o-^nwmmfct&z.btfX'* , t^oid^m® 

[0017] &fcS»^ft WttfflKfciHBtt<0fc&« 
t fflffl tT f - «y Tft.tZftmX'% h . i «y ^"-f 

fc<nmm*y&mmb-?& i/-D*F!Wt«ts & 4 

[0018] 4^g^!R!J i l i »^/lHi:«mix^i:{4- 

mz*? x -/ nss? m$tizimxim-t h -m^^h 
v. fttztiHmtmftmcomm, ^t<(i#m««^o 
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[0019] tttzftftrtm*: LT. IftWiftlll 
fc#JSS;ftfc*- 5 -y ?«totf/OU;HWtta6fR*iii 

[0020] 

mmrni wt. nmMX'*mizwm-tz>. mm^. 

wmmx& o . WFzti^m^mzmmm i 
[0021] [nwi ] t7r-f rssi^ifcg 
mah*m#m 2«t7r^f rmu i & «tc ny-* 

HiStoPK— TTSfUfcA 1 XGal-XN ( 0 s£XS 1 ) «£ 9 
3r£niyi2 1 fc, I nYGal-YN (0<Y<1 ) 
W&'m22b. T?*L?°?-^®.WV-?°Ztltz 
A 1 XGal-XN (O^X^l ) J; Y )%:Z>vMM2 3b% 

m.±M<OvWM2 3(i4 0 0*CULhc7)r— — V>7lz£ 

*)ffi&tmtztix^&. 

[0022] mzm i t/ZTjk-tj: 5 izmitmymtem 2 <n 
wmmm-smiz n i t a u asts*— s -y ?mfl§ 3 0 
& 5 0 o*>yxhn-j±<7)mm.X' : &fct&. -?& 

ftft^NWWI 2 ^«JUio P gyiOJStar^ffil;: piit 

m*mi&<-$-£fi:tbtZAumjgl$:0. UmMt 

[0023] ^mttS^i: LT. t7r^7lt 

1 fcJ5f?Rt*#$£W-r£ P MGaAsg«5 0£ffl 
*U ^pSGaAsSt50^ItAu-Zn<): 
9=5:!>£l~0:t— 5 -y ?^fi£4 0£ 5 0 O^V^ ho 

-AouwrcjE&s-*-* . $ izzwm- <r>*- 5 >y ?m 

«§4 0O±£^1±£JK^-£*:WCAu$?Jg|S-0 . 1 
[0024] 02^-rj; ? fcJR— 0:*-$ <y? 

5 7^ti4 05rftl.plGaAsat5 0i^- 
U Ef^x-A^T'fTlSlipIGaAs 



v 7W&3 0 b^'co*— S. vfnMA 0£:£& 
*-T!>rt:#>fc:Au£®fflL*:#.. *I?)fi!imflS3 0 i: 4 0 

mtni-ft-Lxmm-rzzbi>-iismx'*>z. ^ p ig 
aAsits o ztm-tz mzmitm*mft®<7)mm& 

b.mfc5 0b<Q§mi3\*lt:'&i>itxm*LX#>&Zb 
[00 25] iXtplGaAsSISO^itU^x 

i-y^izi^m^-t?>z\bmmxht. t7r^rs 

[0026] «fiMc«a}Ufc nSf2 1 O^H^^U ^ 

y^U:f&. nii(:;r-5 vtmommb txn- 

Al«fcO=3raflSfiS2 5^^U. -JplGaAsI 
«5 0 tciilsj t < 5 «y LT A u - Z n J; 0 

&&2Ettffi 5 5 z-gmtzBrn-tz . 
[0027] i^Lh^ «fc o iz LxiEmM&zxfnwmwm 

f&Ztltt x-znS: . pMGaAsS^^p^ttSrfiJ^ 
LT 2 0 0 u mfiCOftfti- -y rtC^?!^^ . ^fSf^T)^ 
36f - -y r<7)^jt$ r ^-r^6<,^Bf®|i2 : |ii4 K^f. i 
O^fcf - y y UttS 2 5 i: 5 5 RS tcM«-r -S Cfctcj; 
9. «^2 2^'%3fe^-SLED^<7)|iJ§^Lrv% 
^. . i05Biam4*Stt« 2 2 Of&5fo&<3|-tf>*- S >y 
^Sfii3 0i:pM®2 3b<r>^-mX^M^tl. plGa 
Asll5 0tciKJR$ixl.C:i:^^c7)r\ Sfe*c7)|^ 

[0028] &Kzcr>miimmmi.w-7 t^t, & 

m&mfatfpMG a A s (COWCBMBLfca*, 
«(£J±1^7 r -f 7<7)<l!i(;iiff ffE L^^e^;P s ^j}- 
> ; '7A^-h<7)J:d^^1x*«^v^i,^<. * 
^mix««c(c(is i . z nocoi. o&mu&m^x i> 

[0029] imsm2i mmmnzts^x tat 

<r)mm-xnh&o\,z?-y\zvy-$h. duzmifz^yr 
4 rmx i <mmtzm%m&mtfMtf(X'* zzo 

<?>~?x?i:mf&.L. x-y^-v^ST-vx^^PSPco-if 
yr^TmWLl Z^-vJ-yrizX 0^*L, nii2 1 

2 5 i: p IG a A s 5 0 toEB® 5 5 . 
[003 0] Rt:plGaAsSI50(7)»^^ 

SUct7 r-f rmfc 1 ^l^-ifSg^mSiE^iii: L 
T^fflLTV^. ZCDMimWim&mb LXV7t4T 
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z^mmzLxfrb. mm s io 2 . Tio 2 oj:d& 
smmzEiti Ltzmim*mft®co±.izmfc lt *> & 

[003 1] 

h . * tzm^zmwL Ltimm m±t>mfa lx^&&x\ 
mmm<m*mftmizm-izmi?mmrf4^ < & 

fttfnwmx'WMZti&vx'smbJ) t i 

[0032] «*OSfl:ftiN»|cL E D ii0 6 iCSRiM: 
0 IZ p MM 6 4 0*BS<^)«»^:BStC3t*»*r* 3E«S 

0 XfiLhaWWR* ixT V »fc . L*> tJWMB^MIHHc «fc 6 
i: 04 JjtfB 5 tea*-*- X 5 izlSfflnte nil 2 1 

±Mt%z>nx\ m&cox o iz-mmmzmfz&mtf 



[HBOfSm^iiBJ] 

[H2 3 *«^*ffi«)-xs*i»B^ififlai^i 
[E3 3 *mwmn-2M*mft&m&b i m 

[04] *^HJ^-HJfl^J^^ I) HflSlfc 2 !****?*) 
[05] ^^<^)ffi<7>lltt«tc«&fifl:fli a I^W**^ 

[06] fieswM^^ttf&^^raat***^ 
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